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Adenomyosis is a fairly common benign gynecological condition resulting from an exag-gerated growth of the endometrium at the endometrialmyometrial interface. Progressive penetration of endometrial glands and stroma into the myometrium can produce the smooth muscle hyperplasia that ultimately leads to uterine enlarge-ment. The disease most commonly affects women 40 to 50 years of age and is associated with a past history of childbirth. Adenomyosis is an important cause of dysmenorrhea and menorrhagia. Because of its nonspecific nature, until recently, the diagnosis was made only after hysterectomy. Transvaginal sonography, with its concomitant higher resolution, shows renewed promise for the presurgical diagnosis of this disease.
Key words: adenomyosis, adenomyoma, endometrium, myometrium, leiomyoma, hyperplasia, menorrhagia, metrorrhagia, dysmenorrhea, dyspareunia Adenomyosis can be defined as the presence of endometrial foci in the myometrium. The exact etiology is unknown, but the most commonly accepted theory suggests that a compromise of the natural barrier between the endometrium and myometrium occurs, allowing the growth of ectopic endometrial glands and stroma within the uterine myometrium. The tissue penetration usually reaches a depth of at least 2.5 mm from the basal layer of the endometrium. [1] [2] [3] [4] [5] [6] Because this ectopic tissue arises from the stratum basalis component of the endometrium, it does not bleed in response to cyclical hormone stimulation. 5 The symptoms of adenomyosis include abnormal uterine bleeding and pelvic pain. An estimated 60% of women with adenomyosis experience abnormal uterine bleeding (hypermenorrhea), prolonged/profuse uterine bleeding (menorrhagia), or irregular, acyclic bleeding (metrorrhagia). Approximately 25% of patients with adenomyosis also suffer from pelvic pain during menstruation (dysmenorrhea). 6 Currently, only 10% to 20% of adenomyosis cases are correctly diagnosed presurgically. This low rate is thought to exist because (1) many adenomyosis patients are asymptomatic in the absence of other uterine pathology and (2) its presence may be overshadowed by associated pathology such as leiomyomas, endometriosis, endometrial polyps, and so on. 6 Adenomyosis is often classified into diffuse and focal forms. The more common form is diffuse adenomyosis and represents a reactive hypertrophy of the myometrial muscle, which produces diffuse uterine enlargement, but never to the extent seen with leiomyomas. 5, 6 Focal adenomyosis is sometimes called adenomyoma, referring to isolated implants that typically cause reactive hypertrophy of the surrounding myometrium and produce diffuse uterine enlargement. Less common than the diffuse form of the disease, focal adenomyosis does not demonstrate distortion of the inner myometrium. 1 Although the typical nodularity associated with leiomyoma is not a feature of adenomyosis or adenomyoma, the 2 disorders frequently coexist. It is important to distinguish between adenomyosis and leiomyomas, as uterine-sparing surgery is possible for leiomyomas but only hysterectomy exists as an option for adenomyosis. 5
Materials and Method
A review of approximately 100 cases involving adenomyosis was conducted. While writing this article, an additional 25 adenomyosis cases were added to the review. The 4 cases selected to illustrate this article represent the sonographic variety of adenomyosis patterns. The majority of the selected scans were performed on a Seimens Sonoline Prima using a multifrequency transvaginal probe (5 to 7.5 MHz). The sole Doppler study was performed on a GE Logic Pro Series using a 6 MHz endovaginal probe.
CLINICAL FINDINGS
The 3 most common symptoms of adenomyosis are increasing uterine enlargement, abnormal bleeding, and pain (Table 1 ). It has been theorized that adenomyosis may be secondary to the traumatic and disruptive effects on the uterine wall of repeated pregnancy, delivery, and postpartum involution, or of excessively deep and vigorous curettage. Additionally, the fact that adenomyosis is frequently accompanied by varying degrees of cystic and adenomatous hyperplasia suggests that a hormone imbalance with a preponderance of estrogen favors the persistence, growth, and activity of the aberrant endometrial tissue within the myometrium. Such an ancillary, causative mechanism could perhaps also account for the somewhat increased incidence of fibroids, endometrial polyps, and even endometrial carcinoma that has been noted in the adenomyomatous uterus. 6, 7 In the past, the diagnosis of adenomyosis could only be made postsurgically following hysterectomy. Adenomyosis was generally thought to primarily affect women in their later reproductive and perimenopausal years; however, recent studies using transvaginal ultrasound have shown that adenomyosis may also be common in symptomatic women 20 to 30 years old. As a result, accurate presurgical diagnosis is a critical prerequisite to developing effective medical and function-preserving surgical treatments. 1, 5 
CLINICAL EXAMINATION
Although both adenomyosis and endometriosis are identical with respect to structure and function, they are usually regarded as separate and distinct processes. Patients with adenomyosis are often older than patients with endometriosis. They are usually multiparous and have a history of menorrhagia and dysmenorrhea, particularly just before or during menstruation. Consequently, serial bimanual exams performed just before and after menstruation are required to detect fluctuating changes in uterine size and consistency. 5 On physical examination, the uterus is found to range from normal to 3 times normal size and is globular in contour, boggy, and somewhat tender. Because the preoperative diagnosis of adenomyosis is low (10%-20%) and pathological confirmation of clinically suspected cases is also low (10%-38%), some argue that the clinical diagnosis of adenomyosis can no longer be considered a reliable preoperative indication for hysterectomy. 1, 4, 7, 8 The following briefly describes various current methods of diagnosing adenomyosis and specifically examines the merits of sonography as a valuable presurgical diagnostic technique. These methods of diagnosing adenomyosis include (1) endoscopy and hysterography, (2) myometrial biopsy, (3) histology, (4) magnetic resonance imaging, and (5) diagnostic ultrasound. 1, 9, 10 
ENDOSCOPY AND HYSTEROGRAPHY
Endoscopy and hysterography can at times diagnose the presence of extensive adenomyosis. The most characteristic hysterographic feature is the presence of ill-defined areas of contrast intravasation extending perpendicularly from the uterine cavity into the myometrium. However, studies have shown the sensitivity of this technique to be too low for clinical practice. 11 Claims that hysteroscopy is an accurate technique for diagnosing adenomyosis have yet to be proven because while the diffuse myometrial distortion detected at the time of laparoscopy or hysterectomy may be indicative of adenomyosis, it may also be caused by multiple small fibroids. 12
MYOMETRIAL BIOPSY
Myometrial needle biopsies can be taken transabdominally at laparoscopy or under transvaginal ultrasound guidance. However, the sensitivity of random needle biopsies is low and too dependent on the number of biopsies and the depth or extent of mucosal infiltration to make this technique suitable for clinical practice. 1,7-10
HISTOLOGY
Histological diagnosis of adenomyosis relies on the presence of glandular and stromal tissues interspersed between the uterine muscle fibers, and the detection of adenomyosis is dependent on the number and sites of myometrial samples examined. Controversy with regard to histological diagnosis centers on the fact that there is no agreement on a minimum depth of myometrial invasion. Current criteria range from the presence of glands and stroma 1 mm below the endometrial-myometrial junction to as deep as one third of the total myometrial thickness. 4
MAGNETIC RESONANCE IMAGING
The magnetic resonance imaging (MRI) hallmark of adenomyosis is the appearance of diffuse or focal widening of the junctional zone or the appearance of an indistinctly bordered myometrial mass. Therefore, MRI T2-weighted images that highlight the uterine zonal anatomy are best for detecting the presence of adenomyosis. Ascher and colleagues consider a junctional zone >5 mm to be diagnostic of adenomyosis, but others regard 9 to 12 mm as the upper normal limits. 1, 6, [13] [14] [15] MRI is currently thought by many to be the best technique for the presurgical diagnosis of adenomyosis. However, there is growing disagree-ment in the literature on what constitutes abnormal thickening on MRI. Furthermore, the use of MRI in routine practice is somewhat limiting because of its availability and cost. 1, 15 
DIAGNOSTIC ULTRASOUND
The enhanced resolution of transvaginal ultrasound and the addition of color flow Doppler ultrasound have shown renewed promise that ultrasound can play a significant role in diagnosing the majority of adenomyosis cases. 9, 16 The sonographic characteristics of adenomyosis ( Table 2 ) are primarily that of a symmetrically enlarged uterus. 3 The endometrial cavity may be displaced by thickened myometrium and may have a heterogeneous appearance, previously described as a Swiss cheese or honeycomb pattern. 3, [13] [14] [15] [16] [17] [18] [19] However, caution is advised because these findings are also similar in appearance to uterine myomas, muscular hypertrophy, myometrial contractions, endometritis, endometrial carcinoma, and the presence of increased endometrial secretions, which can simulate endometrial pathology. 15, 20 Typically, adenomyosis involves the inner two thirds of the myometrium, where a slight decrease in
TABLE 2 Sonographic Features of Uterine Adenomyosis
Mottled, heterogeneous uterine myometrial texture Increased thickening and myometrial asymmetry of the uterine walls Presence of small cystic spaces within the myometrium Indistinct/shaggy endometrial/myometrial border Subendometrial "halo" thickening Randomized vascular patterns echo content of the involved areas may be observed. 6 Small, anechoic lesions of 1 to 3 mm diameter may be detectable and are usually more prevalent in the posterior wall. Lesions of this size are at the limit of ultrasound resolution, which may explain why their presence is identified in only 53% to 85% of patients. 9 Histological studies have shown these cystic lesions to be ectopic endometrial glands that become sonographically apparent whenever focal hemorrhage or glandular secretions are present. 6, 9, 21 The fluid nature of these lesions produces increased posterior acoustic enhancement rather than the degree of attenuation that is normally seen posterior to the uterus.
Sonographic detection is often complicated by the presence of coexisting leiomyomas, vascular calcifications, or artifactual echoes. Further evaluation using signal processing (e.g., preprocessing and postprocessing) is helpful to better distinguish the contour and border differentiation of any abnormal uteri. Transvaginal color Doppler studies have also proven helpful in differentiating uterine pathology, as color flow studies of uterine masses show that myomas typically demonstrate feeding arteries (91%), sarcomas always demonstrate feeding arteries (100%), but adenomyosis rarely demonstrates feeding arteries (9%). 9 In a study by Chiang et al., 16 82% of patients with adenomyosis had a pulsatility index (PI) >1.17 whereas 84% of patients with leiomyoma had a PI ≤1.17. The primary problem with the transvaginal diagnosis of adenomyosis is its misinterpretation as a leiomyoma. 16 Because of the subtlety of adenomyosis, transvaginal scans must be performed meticulously, and the interpreting physician should understand that the diagnosis is best made during the real-time study rather than from hard-copy images after the exam. 6, 18 In cases where sonography is unable to detect the presence of adenomyosis, MRI provides a viable alternative diagnostic technique. 10
Case Studies

CASE 1
A 47-year-old (G3P3) woman, seen with uterine fibroids, complained of midcycle bleeding. Pelvic ultrasound showed an enlarged uterus with an anterior fibroid (Fig. 1) . Hysterosonogram showed what was thought to be 3 small polyps and an anterior fundal fibroid pressing on the endometrium (Fig. 2) . The endometrium was 18 to 33 mm thick and ill defined.
The patient was placed on Premphase®, with negative results. Endometrial biopsy was within normal limits. Subsequently, the patient had a total abdominal hysterectomy (TAH) and bilateral salpingooophorectomy (BSO). The pathological diagnosis revealed extensive adenomyosis of the uterus (subendometrial, intramyometrial, and subserosal), as well as an endometrial polyp and an intramyometrial leiomyoma.
CASE 2
A 41-year-old woman presented with abnormal bleeding, pelvic pain radiating to the back, and irregular heavy periods lasting up to 2 months. A prior endometrial biopsy was considered normal. Sonography revealed an 11-mm endometrial stripe, fibroids, and the suggestion of adenomyosis (Figs. 3, 4) . 
CASE 3
A 35-year-old (G0P0) patient was seen with dysfunctional bleeding with varying cycle length lasting 4 to 13 days. She had a history of endometriosis and was placed on Loestrin® for 2 months, then Lo-Ovral®, without improvement of her bleeding or postmenstrual syndrome symptoms. Ultrasound revealed multiple uterine fibroids, an endometrial thickness of 10 mm, and a submucosal fibroid and multiple intramural fibroids (Figs. 5, 6 ). The patient had bilateral tenderness on exam and agreed to being admitted for a TAH with BSO. Pathology studies revealed extensive adenomyosis of the uterus.
CASE 4
A 48-year-old (G1P1) woman, who was being followed up in the physician's office with serial ultrasound studies, presented with pelvic pain, spotting between periods, and dysmennorhea. The ultrasound images revealed the presence of fibroids ( Fig. 7) and adenomyosis (Fig. 8) . The patient agreed to another scan at the local hospital, expressly for the purpose of using transvaginal color Doppler to check the vascular patterns of the tumor and the areas of adenomyosis. A Doppler study was performed and revealed a PI of 1.14 for the leiomyoma and a PI of 1.60 for the adenomyoma. (Figs. 9, 10 ). The patient is still being followed and has had no surgical intervention to confirm the above diagnosis.
Discussion
Adenomyosis is the abnormal ingrowth of endometrial glands and stroma within the muscular walls of the uterus. It is essentially a disease of multiparous women in their late 30s and 40s, in contrast to endometriosis, which characteristically occurs in young, relatively infertile women. The causative mechanisms of adenomyosis include multiple pregnancies and vigorous curettage. The classic patient presents with a history of dysmenorrhea and menorrhagia/metrorrhagia and subfertility. 5 Because of its widespread availability and patient tolerance, transvaginal sonography is widely considered the primary screening modality for imaging the female pelvis. The improved ability to sonographically demonstrate both the well-defined and ill-defined patterns of adenomyosis, as well as the random vascular patterns associated with the disease, makes transvaginal sonography an invaluable tool for its presurgical diagnosis. Although the sonographic signs of adenomyosis may be somewhat subtle, and sonographic examinations are strongly operator dependent, in experienced hands the combination of transvaginal and Doppler ultrasound should be recognized as primary and valuable diagnostic tools in the workup of patients with a clinical history and symptoms of adenomyosis. 
